Introduction
Plant chemicals are classified as primary or secondary metabolites. Primary metabolites are widely distributed in nature, occurring in one form or another in all organisms. In higher plants, such compounds are often concentrated in seeds and vegetative storage organs. Plants generally produce many secondary metabolites which are biosynthetically derived from primary metabolites and constitute an important source of microbicides, pesticides and pharmaceutical drugs [1] [2] [3] [4] [5] [6] . For long medicinal plants, their secondary metabolites have been directly or indirectly playing an important role in the human society to combat diseases [7] . [8, 9] .
A survey of current pharmaceutical use revealed that, of the total prescription drugs dispensed, 25% are plant-derived [10] . Plant compounds are highly varied in structure: many are aromatic substances and most of which are phenols or their oxygensubstituted derivatives. However, there is an increasing attention on extracts and biologically active compounds isolated from plant species used in herbal medicine, due to the side effects and the resistance that pathogenic microorganisms build against antibiotics [11] . New compounds inhibiting microorganisms such as benzoin and emetine have been isolated from plants [12] . Of the various pharmaceuticals used in modern medicine, aspirin, atropine, ephedrine, digoxin, morphine, quinine, reserpine and tubocurarine serve as examples of drugs discovered through the observations of indigenous medical practices [13] . Cheng et al. stated that antimicrobial compounds derived from plants may inhibit bacteria by a different mechanism than the presently used antibiotics and may have a clinical value in the treatment of antibiotic-resistant microbial strains [14] .
A RT I C L E I N F O A B S T R AC T
Plant constituents may be isolated and used directly as therapeutic agents or as starting materials for drug synthesis or may serve as models for pharmacologically active compounds in drug synthesis.
The general research methods include proper selection of medicinal plants, preparation of crude extracts, biological screening, detailed chemopharmacological investigations, toxicological and clinical studies, and standardization and use of active moiety as the lead molecule for drug design [7] .
Within a decade, there were a number of dramatic advances in analytical techniques including fourier transform-infrared spectroscopy (FT-IR) and gas chromatography-mass spectrometer (GC-MS) that were used in the determination of phytochemicals. The aim of this study is to determine the bioactive compounds present in the Hyptis suaveolens (H. suaveolens) leaves which may provide an insight into the use of traditional medicine.
Materials and methods
The dried powdered sample (100 g) was extracted with 1 000 mL of solvent in a Soxhlet apparatus. The resultant filtrate was concentrated into powdered form through complete evaporation of the solvent extraction using rotary evaporator. The solid residue of greenishbrown colour obtained was designated as the extract, which was stored in a refrigerator until further analyses.
Preliminary phytochemical screening
Qualitative chemical tests were conducted to gain a general idea regarding the nature of constituents present in the extract. Aqueous, petroleum ether, chloroform, ethanol and acetone extracts were subjected to preliminary phytochemical investigations for detection of specific compounds as per the standard methods prescribed by
Harborne [15] .
FT-IR analysis
Oven-dried leaf samples (60 °C ) were ground into fine powder using a mortar and pestle. About 2 mg of the sample was mixed with 100 mg potassium bromide (FT-IR Grade) and then compressed to prepare a salt-disc (3 mm diameter). The disc was immediately kept in the sample holder and FT-IR spectra were recorded in the range of absorption between 400 and 4 000 cm -1 . All investigations were carried out with a Shimadzu FT-IR spectrometer.
GC-MS analysis
Ethanolic extract of H. suaveolens leaves were subjected to GC-MS analysis. Extracts were dissolved in high-performance liquid chromatography-grade and subjected to JEOL GCMATE II GC-MS (Agilent Technologies 6890N network GC system for GC). He was used as the carrier gas at a flow rate of 1 mL/min. The temperature was programmed at 80 °C for 5 min, then increased to 300 °C at the rate of 15 °C /min. The temperatures of injector and electronic ignition detector (70 eV) were 280 and 300 °C , respectively and 2 μL of plant extract was injected with a Hamilton syringe into the GC-MS manually.
Identification of components
Interpretation of mass spectrum obtained from GC-MS was conducted using the database of National Institute Standard and
Technology having more than 62 000 patterns. The spectrum of the unknown component was compared with the spectra of the known components stored in the National Institute Standard and Technology library. The name, molecular weight and structure of the components of the test materials were ascertained.
Results

Preliminary phytochemical screening
Preliminary screening tests were useful for detecting bioactive principles from plant parts and could lead to drug discovery and development. In the present study, several phytochemical constituents of the aqueous, petroleum ether, chloroform, ethanol and acetone leaf extracts of H. suaveolens were evaluated qualitatively.
Alkaloids, quinones, steroids, coumarins, proteins, flavonoids and terpenoids were present in all the five extracts. Carbohydrates were present only in aqueous and petroleum ether extracts, whereas glycosides were present in all the extracts except aqueous and petroleum ether extracts. Tannins were found to be present in all the extracts other than petroleum ether extract. Saponins were noticed in aqueous, petroleum ether and acetone extracts, and phytosterols were noticed in petroleum ether, chloroform and ethanol extracts ( Figure   1 ). 
Determination of functional groups in H. suaveolens using FT-IR
The FT-IR spectrum of the H. suaveolens leaf sample was shown in Table 1 . The absorption at 3 313 cm -1 was the stretching of alkyne groups. The bands at 3 193 and 2 364 cm -1 were ammonium ion and aliphatic cyanide or nitrite groups respectively. The bands at 1 668, stretch, methyl C-H asymmetric or symmetric bend saturated aliphatic alkane or alkyl group frequencies, phenol or tertiary alcohol OH bend, primary or secondary alcohol OH in plane bend, and aromatic C-H in plane bend, respectively (Table 1) . 
GC-MS analysis of ethanolic leaf extract of H. suaveolens
The results pertaining to the GC-MS analysis were given in Figure   2 and Table 2 . Thirty compounds were detected in the ethanolic extract of H. suaveolens leaf and 5,5-dimethylimidazolidin-2,4-diamine (20.35%) was found to be the major compound followed by 1-hexadecene (8.43%). The GC-MS spectrum of the extract showed the presence of more long-chain hydrocarbons. Various aliphatic acids, aromatic compounds and ketones were also identified. [16] [17] [18] [19] . In the present investigation, qualitative analysis of five different extracts (aqueous, petroleum ether, chloroform, ethanol and acetone) of H. suaveolens leaves were analysed for phytoconstituents.
Discussion
Different solvents have various degrees of solubility for different phytochemicals [20] . Among the various solvents tested, Boeing et al. observed maximum separation of phytochemicals with the ethanolic extract [21] . This is because ethanol is much polar than chloroform and acetone, hence extracting many of the active ingredients [22] . There are more reports available indicating the maximum extraction of phytochemicals in the ethanolic extract [23, 24] Knowledge of the phytochemical constituents of plants is desirable, not only for the discovery of therapeutic agents, but also because such information may be of value in disclosing new sources of such economically important materials such as tannins, oils, gums, flavonoids, saponins and essential oil precursors for the synthesis of complex chemical substances [27] .
Spectroscopic technique has become a powerful tool for the qualitative and quantitative analysis of biological and pharmaceutical materials. FT-IR spectroscopy allows the analysis of a relevant amount of compositional and structural information in plants [28] . Plant constituents involved in the reduction and capping of nanoparticles can be identified by the FT-IR technique [29] . The region between 4 000 and 400 cm -1 is of greatest practical use to the organic chemist [30] .
Alkanes are found in the powdered leaf samples of H.
suaveolens. Generally, alkanes are found in the cuticle and epicuticular wax of many plants.
They protect the plant against water loss, prevent leaching of important minerals by rain and protect against bacteria, fungi, and harmful insects [31] . Alkynes are highly bioactive and act as nematocides [32] . The presence of alkynes suggests that this plant can be used as a nematocidal agent in the near future.
An When the number of carbon atoms increases in the molecule, hydrophilicity is reduced and lipophilicity is increased. The lipophilicity of a drug is higher due to its distribution; because once the drug is in systemic circulation, it is distributed to all the tissues at a particular rate depending on its physicochemical characteristics such as lipophilicity and charge [35, 36] .
H. suaveolens has been the subject of some previous studies regarding its chemical nature. From the petroleum ether extract of H. suaveolens aerial parts, a pentacyclic triterpene was isolated [37] . The A-ring contracted triterpene obtained is the first example of a compound presenting skeletal type outside the lupine series [38] . The compounds such as hentriacontane, friedelin, netriacontanone, lupeol acetate and lupeol were isolated from the benzene extract of air-dried powdered leaves and floral parts of H. suaveolens [39] . Recently, Mary et al. isolated 11 compounds including allyloctadecanoate and octadec-9-enoic acid from the aqueous extract of H. suaveolens [40] . 
